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INTRODUCTION 


Grant  no.  AFOSR-87-0048  was  solely  for  instrumentation  development  ard  construc¬ 
tion.  Personnel,  operating  costs,  and  further  hardware  for  this  research  program  have 
been  funded  by  AFOSR-86-0086  (1  April  1986  to  15  November  1987)  and  are  currently 
funded  under  AFOSR-88-0069  (starting  data  15  November  1987).  Progress  on  instrumen¬ 
tation  development  and  construction  is  given  in  this  report.  Scientific  progress  for  the 
whole  research  program  will  be  briefly  summarized;  more  information  was  given  in  the 
final  technical  report  for  AFOSR-86-0086. 
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I.  SUMMARY 

The  overall  research  program  described  in  this  report  is  to  investigate  the  interactions 
of  hyperthermal  energy  (10-100eV)  and  low  energy  (keV)  ions  with  clean  and  adsorbate- 
covered  metal  surfaces.  A  particular  emphasis  is  placed  on  the  study  of  ion-surface  charge 
exchange  processes. 

The  following  results  are  reported: 

1)  Completion  and  performance  of  the  apparatus  for  low  and  hyperthermal  energy  ion 
scattering. 

a)  General  completion  of  the  apparatus. 

b)  Completion  of  the  construction  of  two  hemispherical  electrostatic  analyzers,  and 
associated  position-sensitive  sensors  and  pulse-counting  electronics  for  detecting 
scattered  ions  in  the  multi-energy-channel  mode. 

c)  Configuration  of  a  Macintosh  II-based  data  acquisition  system  which  will  receive 
and  store  data  from  the  storage  buffers  of  the  multi-detectors. 

2)  Status  report  of  the  scientific  progress  for  research  funded  by  the  AFOSR. 

Included  is  a  brief  description  of  alkali  ion  (lithium,  sodium  and  potassium)  scat¬ 
tering  measurements  from  clean  and  cesiated  copper  surfaces.  Specific  results  are 
reported  on  ion-surface  interaction  potentials  and  trajectory  analysis  for  100  to 
400  eV  sodium  ion  scattering  from  clean  Cu(110).  Also  reported  are  measure¬ 
ments  of  resonant  charge  transfer  probabilities  for  alkalis  scattered  from  Cu(UO) 
surfaces  with  low  coverages  (<  1/10  of  a  monolayer)  of  cesium  adsorbates. 
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n.  RESEARCH  OBJECTIVES 


The  present  grant  (AFOSR-87-0048)  is  for  design  and  construction  of  instrumentation 
to  be  used  for  research  supported  by  the  Air  Force  (presently  funded  under  grant  AFOSR- 
88-0069). 

The  objectives  of  the  instrumentation  development  were  to  design  and  construct  multi- 
detectors  for  the  scattered  ions  and  to  configure  a  computer  system  that  could  handle 
real-time  data  acquisition  from  the  multi-detectors.  We  have  received  all  the  hardware 
and  electronics  covered  by  AFOSR-87-0048;  details  of  the  final  configurations  are  reported 
below. 

Scientific  objectives  are  to  investigate  the  interactions  of  hyperthermal  (10-100  eV) 
and  keV  ions  with  metal  surfaces.  Specific  experimental  goals  are: 

1.  To  investigate  ion-surface  interaction  potentials  that  accurately  describe  scattering  at 
hyperthermal  energies. 

2.  To  analyze  hyperthermal  energy  ion-surface  scattering  trajectories  and  kinematics. 

3.  To  measure  ion-surface  charge  transfer  probabilities  in  order  to  probe  the  mechanisms 
of  resonant  single-electron  charge  transfer. 

4.  To  combine  the  information  in  1,2,  and  3  above  in  order  to  develop  a  microscopic 
picture  of  resonant  charge  transfer  in  low  energy  and  hyperthermal  energy  ion-surface 
scattering,  and  to  understand  the  role  of  low-coverage  adsorbates  in  determining  these 
charge  transfer  rates. 

Results  of  these  experiments  are  also  given  very  briefly  below. 

III.  STATUS  OF  RESEARCH 

1)  Completion  and  Performance  of  Apparatus 

a)  General  completion  of  apparatus 

We  have  recently  completed  construction  of  a  UHV  scattering  chamber  for  ion  beam 
analysis  of  single  crystal  surfaces  [lj.  The  beams  range  in  energy  from  wlO  eV  to  10 
keV.  Available  beams  include  alkali  ions,  noble  gases,  and  other  gas  atomic  and  molecular 
species.  Full  energy-  and  angle-resolved  spectra  of  scattered  ions  are  measured  using 
electrostatic  analyzers  and  pulse-counting  electronics;  these  detectors  are  being  upgraded 
to  the  multi-channel  mode.  Additional  capabilities  include  Auger  electron  spectroscopy, 
low  energy  electron  diffraction,  sputter  cleaning  and  annealing,  and  hardware  for  gas  and 
alkali  atom  deposition.  We  have  added  to  the  chamber  a  Kelvin  probe  for  making  work 
function  measurements  and  hardware  for  thermal  desorption  spectroscopy.  We  have  also 
installed  a  new  sample  manipulator  with  heating  and  cooling  capabilities  and  a  vacuum 
sample  transfer  system.  More  detail  on  the  ion  scattering  hardware,  in  particular  the 
multi-detectors  and  the  data  acquisition  system,  are  given  below. 

b)  Beamline  and  source 

Making  use  of  two  different  ion  optics  and  transport  programs,  we  have  designed  a 
differentially-pumped  UHV  system  to  produce  well-characterized  singly-ionized  beams  of 
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alkali  and  noble  gas  ions  in  the  energy  range  from  ~10eV  to  10  keV  [2].  Beam  transport 
was  designed  to  minimize  the  effects  of  space  charge  spreading  for  the  hyperthermal  energy 
beams.  For  producing  the  alkali  ion  beams,  we  have  recently  completed  construction  of  a 
source  with  high  extraction  efficiency  [3].  The  extraction  electrodes  are  based  on  a  modified 
Pierce  geometry.  The  source  uses  a  solid  state  alkali  ion  emitter  (made  by  Spectra  Mat, 
Inc.)  and  two  stages  of  extraction.  A  wire  mesh  in  the  first  stage  produces  a  uniform 
current  density  across  the  beam  profile.  Using  this  source  we  can  produce  beams  of  Li, 
Na,  K,  Rb,  and  Cs  ions. 

We  can  now  routinely  produce  low  phase  space  alkali  and  noble  gas  beams.  Above  a 
few  hundred  eV  the  beam  diameter  at  the  sample  position  is  on  the  order  of  1  mm  and  the 
angular  divergence  of  the  beam  is  <  1°.  A  typical  100  eV  beam  as  a  diameter  of  «3  mm, 
an  angular  divergence  of  ±1  —  2°,  and  a  current  of  several  nanoamps.  Beams  of  50  eV  and 
lower  have  slightly  larger  diameters  and  angular  divergences,  but  have  similar  currents  of 
several  nanoamps.  More  details  of  the  beam  profiles  are  given  in  ref  2. 

c)  Multi-channel  electrostatic  analyzers  and  electronics 

The  detector  for  the  scattered  ions  is  a  hemispherical  electrostatic  analyzer  with  a  50 
mm  mean  radius.  The  gap  is  35%  of  the  mean  radius.  One  mm  input  and  output  apertures 
define  the  energy  resolution  to  be  1%  of  the  pass  energy. 

Two  sets  of  electronics  are  used  with  this  analyzer.  The  first  is  a  set  of  low  voltage 
electronics  which  is  used  for  the  hyperthermal  energy  beams  (for  pass  energies  of  0-170eV). 
The  other  is  a  set  of  high  voltage  electronics  used  for  pass  energies  of  ~100eV  to  lOkeV.  The 
analyzer  is  designed  so  that  the  desired  pass  energy  is  chosen  by  putting  equal  and  opposite 
voltages  on  the  two  hemispheres.  An  energy  scan  is  taken  by  sweeping  the  potential  on  the 
hemispheres  under  computer  control  with  programmable  dwell  time  and  a  programmable 
number  of  repetitive  sweeps. 

Currently  the  analyzer  is  equipped  with  a  Channeltron  electron  multiplier  for  counting 
the  energy-analyzed  ions.  The  multiplier  can  be  used  in  either  the  pulse-counting  or  analog 
mode.  Counts  are  accepted  from  the  electron  multiplier  using  a  computer-interfaced  scaler 
with  programmable  dwell  times. 

Ions  with  a  substantial  range  of  energies  are  dispersed  across  the  gap  between  the 
hemispheres  of  the  detector.  To  minimize  the  collection  time  and  total  beam  dose  required 
to  measure  a  given  energy  spectrum,  the  aperture  and  Channeltron  at  the  exit  of  the  50  mm 
analyzer  will  be  replaced  with  a  position-sensitive  detector  (Surface  Science  Laboratories 
Model  3390 A).  This  consists  of  two  microchannel  plate  electron  multipliers  mounted  in 
front  of  a  resistive  anode  encoder.  The  sensor  has  a  25-mm-diameter  circular  active  area, 
spatial  resolution  of  100  line  pairs,  and  is  fully  UHV  compatible.  The  position  computing 
electronics  (Surface  Science  Laboratories  Model  2401A)  can  calculate  the  position  of  a 
pulse  in  3  na,  providing  the  information  as  an  8-bit  word  for  each  dimension.  An  internal 
buffer  stores  12  bits  of  information  for  each  pulse  (e.g.  8  bits  of  one  dimension,  4  of  the 
other).  The  stored  data  can  be  sent  to  the  computer  via  a  parallel  interface  while  new  data 
are  being  accumulated.  Count  rates  in  excess  of  100  kHz  are  possible  with  negligible  pile- 
up  error;  however,  considering  the  angular  resolution  of  the  detector  and  our  typical  beam 
currents,  we  will  not  exceed  a  few  tens  of  kHz.  Based  on  the  geometry  of  our  analyzer, 
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we  expect  to  achieve  approximately  an  order  of  magnitude  reduction  in  data  collection 
time.  We  have  received  delivery  on  the  hardware  and  electronics  for  the  multi-detection 
upgrade. 

We  have  also  considered  the  use  of  a  toroidal  geometry  analyzer  as  a  multi-channel 
detector.  The  toroidal  analyzer  can  be  used  to  disperse  ions  with  different  energies  and 
angles  in  a  two-dimensional  array  at  the  output  plane.  The  toroidal  analyzers  currently 
in  use  in  other  laboratories  use  relatively  small  gaps  between  the  sectors,  resulting  in 
detection  of  scattered  ions  over  a  broad  angular  range,  but  restricted  to  a  relatively  small 
range  of  energies.  At  the  present  time,  most  of  our  research  requires  scanning  broad  ranges 
of  scattered  energies;  the  spectral  features  generally  do  not  vary  rapidly  with  angle.  For 
that  reason  we  are  using  the  50  mm  spherical  analyzer  in  the  multi-detection  mode,  and 
are  investigating  the  use  of  a  large-gap  toroidal  analyzer  for  future  use. 

Due  to  the  relatively  large  size  of  our  present  50  mm  analyzer  and  due  to  space 
constraints  inside  the  scattering  chamber,  the  largest  scattering  angle  accessible  with  the 
present  arrangement  is  128°.  In  order  to  detect  scattered  ions  at  angles  near  180°,  we  have 
built  a  spherical  analyzer  which  is  a  half-size  version  of  the  50  mm  analyzer.  Grooves  cut 
into  the  spherical  surfaces  help  to  keep  particles  which  scatter  off  the  inner  surfaces  of  the 
analyzer  from  being  counted  in  the  electron  multiplier.  The  new  25  mm  analyzer  is  also 
equipped  with  a  resistive  anode  for  multi-energy  detection. 

Under  grant  AFOSR-88-0069  we  are  constructing  a  new  chamber  for  sample  prepara¬ 
tion  and  analysis.  The  new  chamber  will  house  a  scanning  tunneling  microscope  (STM) 
and  provisions  for  ion  scattering.  Since  only  one  ion  detector  is  needed  at  a  given  time 
per  chamber,  eventually  each  of  the  chambers  (the  existing  one  and  the  one  under  con¬ 
struction)  will  be  equipped  with  one  of  the  multi-detectors  described  above.  One  of  these 
systems  will  be  better  suited  for  high-resolution  energy  scans  (50  mm  analyzer)  and  the 
other  for  large-angle  backscattering  studies  (25  mm  analyzer),  which  are  particularly  useful 
for  determining  local  structures  at  surfaces. 

c)  Data  acquisition  system 

Using  funds  from  this  grant  we  have  purchased  a  Macintosh  II  computer  with  a  19” 
color  graphics  monitor.  Via  parallel  interfaces,  the  computer  will  be  used  to  receive  and 
store  data  from  the  storage  buffers  of  the  multi-detectors.  The  Macintosh  II  will  also  serve 
as  the  data  acquisition  and  display  system  for  the  STM. 


2)  Status  of  Scientific  Results 

Measurements  of  50  eV  to  4  keV  alkali  (K+,  Na+,  and  Li+)  scattering  from  Cu(llO) 
have  been  completed.  Using  our  computer  code  SAFARI  [4],  we  have  made  significant 
progress  toward  successful  simulation  of  hyperthermal  energy  alkali  ion  scattering.  We 
have  analyzed  the  energy  spectra  from  the  Cu(110)  surface  along  both  the  (001)  and 
(110)  azimuths  with  beams  of  4  keV,  1  keV,  400  eV,  200  eV,  100  eV,  and  50  eV  incident 
energies.  Using  the  simulation  we  get  very  good  agreement  with  our  measured  energy 
spectra  for  the  100,  200,  and  400  eV  Na+  beams.  The  potential  used  in  these  simulations 
is  a  sum  of  Na+/Cu  pair  potentials,  with  an  added  image  potential  which  depends  only 
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on  distance  form  the  surface.  The  pair  potential  is  a  sum  of  two  exponential  terms  (with 
four  parameters).  The  four  parameters  were  chosen  to  fit  a  Na+/Cu  dimer  calculation 
within  the  Hartree-Fock  approximation.  We  are  extending  this  work  now  to  the  K+  and 
Li+  spectra  [5]. 

Some  very  interesting  energy-dependent  trends  in  peak  positions  and  intensities  have 
appeared  when  we  compare  the  Na+  scattering  in  the  two  azimuths  as  the  beam  energy 
is  varied  from  50  eV  to  4  keV.  Using  trajectory  analysis  from  the  SAFARI  simulations, 
we  have  been  able  to  correlate  these  trends  with  particular  types  of  trajectories  whose 
positions  in  the  spectra  vary  with  the  incident  beam  energy  [6].  We  are  also  analyzing  the 
angular  features  of  the  scattering,  in  particular  the  positions  of  the  rainbow  angles,  which 
are  very  sensitive  to  details  of  the  potential  [7]. 

Charge  transfer  probabilities  have  been  measured  for  alkali  scattering  from  Cu(110) 
with  low  coverages  (<1/ 10  monolayer)  of  Cs  adsorbates.  The  functional  form  of  the  mea¬ 
sured  scattered-ion  intensity  decrease  with  decreasing  work  function  (increasing  Cs  cover¬ 
age)  indicates  that  the  effect  of  the  Cs  adsorbates  cannot  be  described  as  a  uniform  shift 
in  the  surface  work  function  [8].  We  are  working  on  a  model  that  includes  both  local  and 
collective  effects  of  the  adsorbates  on  the  charge  transfer  process.  Results  from  the  studies 
of  the  interaction  potentials  and  the  scattered  ion  trajectory  analyses  will  enable  us  to 
examine  the  charge  transfer  as  a  function  of  individual  types  of  trajectories  at  the  surface. 
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